Abstract Electronics industry is one of the fastest growing industries in the world. In India also, there are high turnovers and growing demand of electronics product especially after post liberalization in early nineties. These products generate e-waste which has become big environmental issue. Industries can handle these e-waste and product returns efficiently by developing reverse logistics (RL) system. A thorough study of critical success factors (CSFs) and their ordered implementation is essential for successful RL implementation. The aim of the study is to review the CSFs, and to prioritize them for RL implementation in Indian electronics industry. Twelve CSFs were identified through literature review, and discussion with the experts from the Indian electronics industry. Fuzzy-Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) approach is proposed for prioritizing these CSFs. Perusal of literature indicates that fuzzy-TOPSIS has not been applied earlier for prioritization of CSFs in Indian electronics industry. Five Indian electronics companies were selected for evaluation of this methodology. Results indicate that most of the identified factors are crucial for the RL implementation. Top management awareness, resource management, economic factors, and contracts terms and conditions are top four prioritized factor, and process capabilities and skilled workers is the least prioritized factor. The findings will be useful for successful RL implementation in Indian electronics industry.
Introduction
The last decade has seen remarkable growth in the Indian economy due to economic liberalization started in early nineties. Also, during the post liberalization era, electronics industry is growing very fast in India. Due to the presence of global electronics companies and tremendous expansion of telecommunication, and information technology, Indian markets are flooded with electronics goods. This results in a new kind of waste known as electronics waste or e-waste. E-waste contains both toxic and valuable materials. The fraction including iron, copper, aluminium, gold and other metals in e-waste is over 60 %, while plastics account for about 30 % and the hazardous pollutants comprise only about 2.70 % (Widmer et al. 2005) . This large percentage of valuable materials offers a business opportunity to recover value from the e-waste. It may be even profitable to collect and process e-waste. The hazardous pollutants though small in quantity but contain highly toxic materials like lead, mercury, arsenic, cadmium, chromium and many more. When these materials enter into the environment through land filling, causes damage to human health and the environment (Lee et al. 2000) . E-waste can be well managed through development of RL system. Cheng and Lee (2010) found that effective RL focuses on the backward flow of materials to maximize value from returned items and guarantee their proper disposal. However, many companies are not yet ready to implement RL including Indian companies. Indian electronics industry has been selected for the study because it has a high consumption volume, and major source of e-waste generation. Also, this is one of the few sectors which come under e-waste regulations. A thorough study of CSFs and their ordered implementation is essential for successful RL implementation. Most of the researches on the CSFs of RL implementation are concentrated on developed countries, with relatively little attention being given to developing countries (Abdulrahman et al. 2014) . The major intention of this study is to understand various CSFs for RL implementation in Indian electronics industry. The identification and prioritization of these factors will help the researchers and the managers in strategic decision making for RL implementation. After review of literature on RL and the opinion of experts from Indian electronics industry, 12 CSFs factors of RL implementation were identified. The experts were asked to rate each of these 12 factors in terms of their importance. A decision matrix was developed from these responses which are used in the application of fuzzy-TOPSIS methodology for prioritizing CSFs.
The main objectives of this paper are:
1. to study the literature available on CSFs for RL implementation; 2. to identify the CSFs which are important in Indian electronics industry; 3. to find out the relative importance of these factors; and 4. to discuss the managerial implications of this research.
The remaining of this paper is structured as follows: Section ''Literature review'' comprises a literature review on RL. CSFs for RL implementation are identified in Section ''Identification of CSFs for RL implementation''.
Step by step fuzzy-TOPSIS approach with case example of Indian electronics industry is discussed in Section ''Fuzzy-TOPSIS methodology''. Section ''Results and discussion'', summarizes all the findings and analyzed them in context of Indian electronics industry. Finally, Section ''Conclusion'' concludes the study along with future outlook and limitations of this research.
Literature review
Growing concern for the environment and government regulations in many countries has increased the interest in reverse flows, which has become the subject of attention over the last decade (Fleischmann et al. 1997) . RL is the process of planning, implementing, and controlling the efficient, cost effective flow of raw materials, in-process inventory, finished goods, and related information from the point of consumption to the point of origin for the purpose of recapturing or creating value or proper disposal (Rogers and Tibben-Lembke 1999) . Srivastava (2008) explained the flow of RL showing all the basic RL activities. The RL activities include collection, grading, reprocessing and redistribution (Fleischmann 2003) . A well-managed RL can provide important cost savings in procurement, disposal, inventory carrying and transportation (Kannan et al. 2009 ).
Most of the organizations in the world are presently exploring the RL to make it profitable business. RL has been found to be beneficial to some of the industries in terms of the improvement of profits. Some of the organizations like HP, Dell have implemented RL for competitive advantage. Jayaraman and Luo (2007) mentioned that Kodak has successfully implemented recycling facilities and is able to reuse up to 86 % of a camera's parts. Similarly other leading manufacturers such as Canon and Xerox have also attained remanufacturing rates of nearly 90 %. In fact, implementing RL programs to reduce, reuse, and recycle wastes produces tangible and intangible value and may lead to better corporate image (Carter and Ellram 1998) . Lau and Wang (2009) RL implementation involves many financial and operational issues which determine the productivity and performance of the RL. A critical analysis of the variables affecting RL and their mutual interactions can be a valuable source of information for the RL implementation (Ravi et al. 2005 ). Rogers and Tibben-Lembke (1999) suggested that there are a number of factors affecting RL practices. The presence or absence of these factors can become drivers or barriers to RL implementation in an industry. Several conceptual models have been developed for assisting in design and implementation of RL system. Brito and Dekker (2002) differentiate two types of factors, internal and external factors for existence of reverse flows. Carter and Ellram (1998) identified internal and external factors to examine whether a company is reactive, proactive, or value-seeking in RL implementation. They considered the internal factor of policy entrepreneur and two external factors of government regulations, and customer demands as the main factors of RL systems. Holt and Ghobadian (2009) suggested that the internal factors such as culture of organization, internal resources, and operation management control practices have positive correlation to environmental thoughts in the green supply chain. Stock (1998) mentioned that factors related to management and control, measurement, and finance are crucial for the successful RL implementation. Dowlatshahi (2000) focused on internal strategic and operational issues that may require consideration in RL implementation. Strategic factors include legislative concerns, environmental concerns, customer service, quality, and strategic costs while operational factors include cost benefit analysis, transportation, warehousing, supply management, remanufacturing or recycling and packaging. Later on Dowlatshahi (2005) suggested a five-factor strategic framework for successful RL implementation. He proposed these five factors as strategic costs, strategic quality, customer service, environmental concerns, and legal concerns. In a survey of consumer electronics, Janes et al. (2010) identified main facilitators of RL as top management awareness, strategic partnerships with supply chain partners, detailed insight into cost and performance, reclaiming value from returned products, and capability to put products rapidly back into the market. Rahman and Subramanian (2012) worked on end of life computers and found customer demand as one of the major factors. These factors have great impact on availability of resource, coordination and integration of recycling tasks, volume and quality of recyclable materials. Most of these factors are described from different perspectives, i.e. for particular sector or industry of a country or region. KhaliliDamghani et al. (2015) considered the factors such as green image, flexibility, quality, responsiveness, expenses, and value recovered for studying the relationship between supply chain performance and RL. The literature review of RL implementation across the industry is summarized in Table 1 . It is evident from Table 1 that CSFs vary from industry to industry and country to country but many of them are common to all of these studies. A lot of work has been done in electronics industry in many countries and different methodologies have been used for prioritizing CSFs. Indian electronics industry is more dependent on the import of components and products for fulfilling growing demand of electronics goods. So CSFs may be different from other developing country like china which has own manufacturing facilities. Remanufacturing of products may not be economical (because of transportation cost) and technically feasible within the country. Therefore, it is important to identify the CSFs addressing these issues. No study was found on identification and prioritization of CSFs for RL implementation in Indian electronics industry. Also, Fuzzy-TOPSIS methodology is first time being utilized for prioritizing CSFs for Indian electronics industry.
Identification of CSFs for RL implementation
Several useful factors for RL implementation are pointed out in the literature review discussed in last section. Many CSFs are common to all of these studies and these factors can be utilized as base for discussion with expert from Indian electronics industry. Twelve CSFs were identified after pertinent literature review including studies discussed in ''Introduction'' and discussion with the number of experts from the Indian electronics industry. These factors are shown in Fig. 1 and are explained as follows.
Legislation
Legislation refers to regulations or acts passed by the government authorities to minimize the effect of end of life products on environment. Ravi et al. (2005) define legislation as one of the determinants of RL. In fact, focusing on environmental concerns is partly enforced by government legislation (Prendergast and Pitt 1996) .
Recently, Government of India has instituted e-waste (Management and Handling) Rules, 2011 which have come into effect from May 2012. Experts mentioned that sooner or later Indian electronics manufacturer will have to comply with these e-waste management regulation.
Economic factors
Economics is seen as one of the driving forces to RL relating all the recovery options, where the company receives both direct as well as indirect economic benefits (Ravi et al. 2005) . In a survey of mobile manufacturing company in Hong Kong, Chan and Chan (2008) found that majority of the returned products add extra value to the company. The recovery of the products for remanufacturing, repair, reconfiguration, and recycling can lead to profitable business opportunities (Andel 1997) . Guide and Wassenhove (2003) discussed an example of the US firm ReCellular, which had gained economic advantage by refurbishing the cell phones.
Experts comment that RL practices are assumed to be cost driven activity and the companies in India are waiting for the response from each other for adopting these practices. There is also need of analyzing indirect benefits like green image, tax benefits, preference for projects in government, and image of environmentally conscious organization in Indian electronics industry. 
Environmental concerns
Environmental concerns are significant force shaping the economy, as well as one of the most important issues faced by businesses (Murphy and Poist 2003) . Many companies have focused on RL operations because of environmental reasons (Rogers and Tibben-Lembke 1999) . Many power projects and real state projects have been delayed because of environmental clearances from Government of India. In last few years, Government of India has taken several initiatives because of environmental concerns. This is an indication for other industries to focus on environmental concerns.
Top management awareness
Top management awareness is very crucial for the success of RL implementation. A sincere and committed effort from the top management is essential for successful deployment of RL programs (Carter and Ellram 1998) . Mintzberg (1973) stated that top management awareness is the dominant factor of corporate endeavors. Top management awareness is needed to provide clear vision and value to RL programs. Top management awareness motivates employees and ensures full support from seniors.
Resource management Miller and Shamsie (1996) categorized the resources into property-based resources and knowledge-based resources. Property-based resources including the physical facility, automated machines and equipment, financial and human resource are regarded as critical indicators of the competitiveness (Das and Teng 2000) . Knowledge-based resources including managerial resources and technology are also critical for the success of RL. Availability and effective utilization of both types of resources is essential for exploring the true value potential of RL.
Human resource is crucial for RL implementation. Companies encounter challenges while implementing RL because of lack of knowledge of RL among their employees. In India, there are very few RL experts available in the market. Companies, willing to adopt RL will have to develop their own expertise through various education and training programs for promoting the environmental awareness in their organization.
Management information system
Information support is one of the important factors for developing linkages to achieve efficient RL operations . Efficient information systems are needed for individually tracking and tracing the information on reverse flows. Information and communication technologies assume tremendous importance in RL, which are needed to process and transmit information (Brito and Dekker 2002) . IT enablement is necessary and one of the important factors for effective communication (Kumar et al. 2013) .
Availability of prompt and accurate information may help managers in achieving operational efficiency in managing their RL. This is an important tool but cost is a concern. Integration with the current management information system is also crucial for successful implementation.
Contract terms and conditions
Contract terms and conditions with suppliers are one of the most important factors for RL implementation. Most of the parts and components are outsourced by the electronics companies in India. Legal terms and conditions with the contractors are important. Companies may enforce regulatory requirements in the contacts to meet the criteria for parts and components from environmental perspectives. Contractor's ability to meet regulatory criteria and corresponding costs are still to be analyzed.
Direct and indirect taxes
According to Sharma et al. (2011) , complex flows of goods as well as the diverse bought-in services engrained in the reverse chain create a high degree of tax complexity and lead to unexpected tax exposures and costs.
Direct and indirect taxes are very important factor for the financial consideration. Tax structure is very complex because of involvement of import-export, and no special consideration is given to the remanufactured products in India. In fact, direct and indirect taxes for remanufactured products need to be relooked for the promotion of environmental friendly practices.
Integration of forward and reverse supply chain
Integration of forward and reverse supply chain implies simultaneous management of material, information, and monetary flows as suggested by Fleischmann (2001) and by Tibben-Lembke and Rogers (2002) . According to Mehrbod et al. (2014) the integration of forward and RL has attracted growing attention with the stringent pressures of customer expectations, environmental concerns, and economic factors. Greater resource utilization can be achieved through integration of forward and reverse supply chain.
In general, responsibility of RL is assigned to the supply chain department rather than having separate department. Therefore integration of forward and reverse supply chain plays an important role because same people work on both forward and reverse supply chains. One of the big concerns is the impact of reverse supply chain on forward supply chain. Experts fear that integration may disturb the whole of the forward supply chain. Employee's awareness and motivation for the change is essential for successful integration.
Joint consortium
Experts' opinion that joint consortium may be one of the options for handling returns just like telecommunication tower sharing in India. Earlier companies had their own telecommunication towers. Later on companies started tower sharing and now one tower in a particular region is being used by many companies reducing their investments and operational costs. There is need of exploring such kind of business model, for example common collection centre for all used cellular phones may reduce collection cost and also, economies of scale can be achieved. Joint consortium may be helpful, particularly in case of recycling where high product volume is important.
Process capabilities and skilled workers
Experts state that process capabilities and skilled workers are very important for successful implementation. Workers must be skilled enough to work simultaneously both on manufacturing and re-manufacturing efficiently. Machines, equipments and tools must also be developed to perform both the operations simultaneously as much as possible. This is important for effective utilization of resources because of uncertainty of product returns.
Consumer awareness and social acceptability Sharma et al. (2011) suggested that the awareness of RL could bring economic benefits by recovery of the returned product for use. Research suggests that there is an increasing customer demand for green products and for organizations to engage in environmental supply chain practices (New et al. 2000) .
Social acceptability of remanufactured products among the Indian consumers and society is crucial for the success of RL. Most of the remanufactured products in India are sold in secondary market at lower prices because these products are purchased by lower income group. Consumer awareness and social acceptability will not only increase the product returns but also will motivate them to buy refurbished or remanufactured products at reasonable price.
Fuzzy-TOPSIS methodology
There are various methods used to prioritize CSFs. Multiple criteria decision making (MCDM) is one of the powerful tools widely used for dealing with unstructured problems containing multiple and potentially conflicting objectives (Lee and Eom 1990) . A number of approaches have been developed for solving MCDM problems such as analytical hierarchy process (AHP), data envelopment analysis (DEA), and TOPSIS. These traditional MCDM approaches measure the alternative ratings and weights of the criteria in crisp or precise numbers which depends upon decision makers preferences (Wang and Lee 2009 ). The TOPSIS method was developed by Hwang and Yoon (1981) to provide solutions of the MCDM the problems. Kim et al. (1997) stated the advantages of TOPSIS as follows:
• A sound logic that represents the rationale of human choice; • a scalar value that accounts for both the best and worst alternatives simultaneously; and • a simple computation process that can be easily programmed into a spreadsheet.
TOPSIS is useful particularly when there are a large number of alternatives and criteria. In such cases, methods like AHP which require pair wise comparison are avoided. Also, TOPSIS has the fewest rank changes reversals when an alternative is added or removed in comparison to other MCDM methods (Zanakis et al. 1998 ). These advantages make TOPSIS a major MCDM technique as compared with other related techniques such as analytical hierarchical process (AHP) and ELECTRE. The traditional TOPSIS method considers ratings and weights of criteria's in crisp numbers. However, crisp data are inadequate to represent the real life situation since human judgements are vague and cannot be estimated with exact numeric values. In such situations, the fuzzy set theory is useful to capture the uncertainty of human judgments. Zadeh (1965) first introduced fuzzy set theory into MCDM including TOPSIS as an approach for effectively working with the vagueness and ambiguity of the human judgements. In fuzzy TOPSIS, all the ratings and weights are defined by means of linguistic variables. There are following two main characteristics of fuzzy systems given by Kahraman et al. (2007) :
• Fuzzy systems are suitable for uncertain or approximate reasoning, especially for the system with a mathematical model that is difficult to derive; and • Fuzzy logic allows decision-making with estimated values under incomplete or uncertain information.
Because of all these advantages, fuzzy logic has been combined and used along with TOPSIS known as fuzzy-TOPSIS methodology. The fuzzy-TOPSIS methodology has been used to solve many problems ranging from facility location selection (Chu 2002) , robot selection (Chu and Lin 2003) , selection and ranking of the most suitable third party logistics service provider (Bottani and Rizzi 2006) to service quality in airline service (Nejati et al. 2009) Chen (1997) is selected for this study. The technique given by Chen (1997) is selected for prioritizing CSFs because this technique gives better result in comparison to other techniques. The following steps of fuzzy TOPSIS are used for the proposed research.
Step 1 Collect the required data containing linguistics terms. A proper scale must be chosen to represent the data accurately and more precisely. Respondents must be asked to choose the best alternative among the linguistics terms for a given question. Linguistics terms must be converted into the fuzzy number. For example, triangular fuzzy numbers are used for the study and a 5-point scale having the linguistic terms low (L), fairly low (FL), medium (M), fairly high (FH), and high (H); are selected as shown in Fig. 2 . Triangular fuzzy numbers are used because it is intuitively easy for the respondents to use and calculate.
The fuzzy number of each linguistic term is determined with the help of Fig. 2 . Fuzzy numbers for the selected linguistics terms are presented in Table 2 .
Step 2 The TOPSIS method evaluates the following fuzzy decision matrix 
where x ij ð¼ ða ij ; b ij ; c ij ÞÞ is a fuzzy number corresponding to the linguistic term assigned by the ith Decision Maker (DM) to the jth factor. i = 1, 2, …, m are the number of DMs and j = 1, 2, …, n are the number of factors (CSFs).
Step 3 This step includes neutralizing the weight of decision matrix and generating fuzzy un-weighted matrix (R).
To generate R, following relationship can be applied.
where c
Step 4 Calculate the weighted normalized decision matrix V ¼ ½v ij mÂn ; i ¼ 1; 2; . . .; m; j ¼ 1; 2; n ð3Þ
The weighted normalized value v ij is calculated as
where w j is the weight given to each decision maker. w j ¼ 1; 1; 1; 1; 1 ð Þ 8 j 2 n, because all the DMs are considered to have same weight for this study.
Step 5 Determine the ideal and negative-ideal solution for the CSFs
Since the positive and negative ideas introduced by Chen (1997) are used for the research. The following terms are used for ideal and negative ideal solution.
Step 6 Calculate the sum of distances from positive and negative ideal solution for each factor.
is the distance between two fuzzy numbers which can be calculated using the vector algebra. For example distance between two numbers A1 a 1 ; b 1 ; c 1 ð Þand A2ða 2 ; b 2 ; c 2 Þ can be calculated as
Similarly, the separation from the negative ideal solution is given as
Step 7 Calculate the relative closeness to the ideal solution. The relative closeness with respect to A* is defined as Step 8 Prioritize the preference order based on the order of the values of C j .
Application of the fuzzy-TOPSIS methodology
The fuzzy-TOPSIS methodology, presented in this research paper has been evaluated in context of Indian electronics industry. Five experts from electronic companies participated in this study. Name of the companies are not mentioned because of confidentiality of data. Profile of the decision makers and their respective organization is given as follows: First decision maker (DM1) is a supply chain manager in a mobile manufacturing company, ABC-1 limited which is interested in RL implementation. DM1 has responsibility of developing a RL system for the company. The company is a pioneer in the manufacturing of mobile phones. The company has received many awards for best quality and management practices. The company has annual turnover of approximately USD 200 million from its business in India. In India, the company has a mobile handset manufacturing facility in Chennai. At present the company has approximately 110,000 outlets including 50,000 stores selling company's product exclusively. The company has outsourced its forward logistics to other computer manufacturing companies for distribution to city warehouses and city warehouse company's own employee for distributing products to the retailers. Recently, company has decided to develop its own forward logistics system along with development of RL system. Second decision maker (DM2) is a logistics manager in an electronics manufacturing company, ABC-2 limited. The company manufactures, assembles, and distributes a comprehensive range of electronic hardware including computer peripherals in India. The company has annual turnover of approximately USD 50 million. The company has manufacturing facilities in Chennai, Pondicherry, and Uttaranchal. It has strong chain of distributors and dealers with 92,500 outlets in 8700 towns in India. The company has not given much attention to the EOL computers. Green awareness and implementation of e-waste management rules prompted them to think about implementing RL system for handling product returns and EOL computers. This company is also interested in working towards sustainability.
Third decision maker (DM3) is a logistics manager in an electronics manufacturing company, ABC-3 limited. The company assembles and distributes consumer electronics products in India including refrigerators, LCD, CTV, mobiles, washing machines, and microwave ovens. The company has annual turnover of approximately USD 120 million. The company has manufacturing facility in NCR Delhi having more than 1200 employees. The company has mother warehouse in the NCR Delhi and four child warehouses in the cities Chennai, Ahmadabad, Kolkata, and Bangalore in India. The company has its own well-established distribution system and logistics facilities. The major challenge for the company is to implement RL without effecting the current operations. This company has already taken several green initiatives including take back program for used products.
Fourth decision maker (DM4) is a marketing executive looking after north India region of an electronics manufacturing company, ABC-4 limited. The company manufactures, assembles, and distributes colour television sets in India. The company has annual turnover of approximately USD 30 million. The company has manufacturing facility in NCR Delhi having more than 350 employees. The company has strong chain of distributors and dealers. The company manufactures CTV mainly in rural markets in India. Growing demand for the LCDs and LEDs may hamper the demand of CTVs in future for the company. The company is willing to introduce new electronics product in the market for sustaining their business.
Fifth decision maker (DM5) is vice president of operations management of an electronics company, ABC-5 limited engaged in manufacturing of consumer electronics products. The company has annual turnover of approximately USD 130 million. The company has manufacturing facilities in NCR Delhi and in Bangalore. The company has more than 1500 employees. The company has strong supply chain for forward operations and willing to integrate it with its reverse supply chain.
Results and discussion
To prioritize the CSFs for RL implementation in Indian electronics industry, 12 factor legislation, economic factors, environmental concerns, top management awareness, resource management, management information system, contracts terms and conditions, direct and indirect taxes, integration of forward and reverse supply chain, joint consortium, process capabilities and skilled workers, and consumer awareness and social acceptability, identified in section ''Identification of CSFs for RL implementation'' are considered for the prioritization. Five decision makers DM1, DM2, DM3, DM4, and DM5 were asked to rate the importance of the above mentioned each CSF on a 5-point scale having the linguistic terms low (L), fairly low (FL), medium (M), fairly high (FH), and high (H). The decisionmakers used the linguistic variables shown in Table 2 to assess the importance of the CSFs. A decision matrix was prepared based on the responses received from the DMs shown in Table 3 .
As mentioned in the fuzzy-TOPSIS methodology step 1, triangular fuzzy numbers were used to convert linguistics variable into the fuzzy numbers. By converting the fuzzy linguistic variables into triangular fuzzy numbers using Table 2 , the fuzzy decision matrix D was obtained. In the next step un-weighted fuzzy decision matrix R was enumerated. Further steps were followed to obtain the weighted fuzzy normalized decision matrix, to find the ideal and negative-ideal solutions for the CSFs. The distance D -and D * of each CSF is derived, respectively, by using Eqs. (7), (8), (9), and (10). The closeness coefficient C for each CSF is obtained by using Eq. (11). Values of D À , D * and closeness coefficient C for each CSF are shown in Table 4 . The prioritization of CSFs was obtained and is shown in Table 4 . The most important CSF among the 12 CSFs is top management awareness and the least important CSF is process capabilities and skilled workers.
The overall prioritization of CSFs is
Top management awareness has the highest value and is prioritized as top most factors. Top management initiates, guides, and motivates the organization for adoption and implementation of RL implementation. Resource management is prioritized as 2nd most important CSF. Previous studies also support this result like Richey et al. (2005) showed that resource commitment makes RL more efficient and more effective. Economic factors are prioritized 3rd and are very crucial for RL implementation. Recaptured value is the major source of direct revenue generation from RL implementation. Higher recapturing value motivates the management for RL implementation. Ravi et al. (2005) also found economic factor as important factor for (Walker et al. 2008 ). Joint consortium is ranked 6th and has great influence on the success of RL implementation in Indian electronics industry. Joint consortium is important to have co-operation with other companies to minimize the e-waste and to recapture maximum value while satisfying regulatory requirements. Joint consortium may help in achieving economies of scale and also, may help in reduced investment for joint reprocessing/recycling facilities. Consumer awareness and social acceptability is prioritized 7th. This factor is very important to achieve a good volume and quality of returned products, and to gain profit through resale of remanufactured products. Ravi and Shankar (2004) also found lack of awareness as a chief barrier of RL benefits in Indian automobile supply chain. Environmental concerns are ranked 8th and are mentioned by most of previous research on RL implementation. Management information system is ranked 9th. This factor is important for operational efficiency but ranked lower because managers of the opinion that it is not easy to integrate reverse logistics in current management information system. Daugherty et al. (2005) also suggested that development of information technology capabilities may give better performance in reverse supply chain organizations. Integration of forward and reverse supply chain is ranked lower because it is more dependent on the characteristics of the organization. Direct and indirect tax is ranked 11th and does not make much difference to implementation because of being part of government policy, and industry does not have any control on this factor. Process capabilities and skilled workers are ranked 12th. This factor is important for the operational performance of RL. Managers stated that it may require considerable investment in education and training of employees.
Conclusion
RL is in focus worldwide because of its inherent advantages of reducing the impact of hazard materials on human life and environment. Reuse/recycle of materials is important because of rising costs of materials, limited resources and growing environmental concerns. RL is relatively new for Indian industry and limited studies are available for RL practices. This research paper provides the valuable information on RL implementation for Indian electronics industry. The research identified 12 CSFs for RL implementation in Indian electronics industry. The identified factors are somewhat similar to those identified by various researchers all over the world. Still, factors like contracts terms and conditions, direct and indirect taxes, joint consortium, process capabilities, and skilled workers are rarely included in other studies. Analysis of the findings shows that top four prioritized factors top management awareness, resource management, economic factors, and contracts terms and conditions are the most important among all 12 factors. Briefly, the contributions of this study are summarized as follows:
(a) The study provides the insight into previous research on RL implementation. (b) Identifies the CSFs based on past literature review and experts opinion for successful reverse logistics implementation. (c) The research work proposes a framework for evaluating and prioritizing the CSFs by using Fuzzy-TOPSIS methodology for RL implementation. (d) The study will help the managers and practitioners implementation of RL. It will enable the managers in identifying the factors which they need to work out for successful implementation.
The findings of the research will help the managers and academicians in the development of RL strategies and practices in Indian electronics industry. These CSFs can also be used for RL implementation in other sectors of Indian industry. Like other studies; this study also has some limitations. This study is conducted using five experts from the Indian electronics industry. Future studies may consider larger sample size to assess the methodology and the effectiveness of the proposed solution to enable generalization. Furthermore, the wider rating of the 7 or 11-point linguistic scale could be used instead of using a 5-point linguistics scale. Researchers may utilise other methodologies including other MCDM methodologies and may compare the results. Future studies may be carried out to identify company-specific or product-specific identification of CSFs for RL implementation.
